Introduction {#sec1-1}
============

Rotator cuff tears (RCTs) are age-dependent common injuries affecting millions of people ([@ref1]). Repair of these lesions is performed safely with arthroscopic techniques and leads to proven clinical benefit. Large lesions are associated with poor results and failure ([@ref2]). Regarding classifications, in literature there is a distinction between massive and irreparable rotator cuff tears (IRCTs) ([@ref3]). Massive tears are considered those more than 5 cm, involving two or more tendons, while IRCTs are lesions that cannot be repaired back to the native footprint or that, once repaired, almost certainly lead to a structural failure ([@ref4]). In clinical diagnosis of IRCTs, static anterosuperior subluxation and associated pseudoparalysis on anterior elevation are suggestive. At the imaging, superior migration of the humeral head with acromiohumeral interval less than 7 mm at x-rays and grade 3 and 4 fatty infiltration according to the Goutallier classification ([@ref5]) at CT scans is observed.

Several surgical options are available for the treatment of IRCT with the intent of reducing pain and improving functions. These options includes subacromial decompression or debridement, partial tendon repair, tendon transfer, muscle-tendon slide procedures, the use of rotator cuff allograft and synthetic grafts, arthrodesis, hemiarthroplasty and reverse total shoulder arthroplasty ([@ref6]-[@ref7]).

One recent arthroscopic alternative is the implant of a biodegradable subacromial spacer, the InSpace balloon (OrthoSpace, Kfar Saba, Israel), initially described by Savarese and Romeo ([@ref8]), which permits better gliding restoring shoulder kinematics with low rate of complications ([@ref9]).

Our purpose was to confirm the good results described in the literature with this recently-introduced surgical technique.

Materials and methods {#sec1-2}
=====================

Patient recruitment {#sec2-1}
-------------------

This retrospective study is a case series performed in single Institute. From February 2014 to October 2015, 30 patients (17 females, 13 males; mean age 65.7 years) affected by massive irreparable rotator cuff tears (IRCT) were treated with the implantation of InSpace Balloon®.

All patients were fully informed on the characteristics of treatment and gave their written informed consent.

The indication for surgery was made on clinical signs of IRCT and MR imaging (Goutallier3--4) ([@ref5]) in patients who has persistent pain for at least 6 months after the failure of conservative treatment. Exclusion criteria included shoulder osteoarthritis, glen humeral instability, prior shoulder surgery and shoulder infection.

Patients were divided into 4 different groups based on the follow up's time: 8 patients were evaluated at 3 months after surgery, 9 patients at 6 months, 8 patients at 12 months, 5 patients at 24 months.

Surgical technique and postoperative management {#sec2-2}
-----------------------------------------------

The same surgeon completed all the procedures. A standard arrangement for arthroscopic rotator cuff repair was used with the patient in a beach-chair position. Standard arthroscopic portals were performed, with biceps tenotomy, sub acromial bursectomy and acromioplasty in all cases. Patients were under general anaesthesia and interscalene block.

The preoperative instrumental diagnosis of irreparable massive rotator cuff tears was confirmed during arthroscopy in all cases. We measured the subacromial space using an arthroscopic probe (provided in the InSpace Balloon System® kit); then we selected the correct implant size choosing between small, medium and large. We prepared the inflating system and filled syringe with 0.9% saline solution pre-heated to 40 degrees Celsius. After Balloon inflation, we verified its stability through full ROM. After surgery patients wore a sling for one week and began full active assisted range of motion and early active ROM at low level; overhead activity was avoided for 6 weeks.

Outcome assessment {#sec2-3}
------------------

The same orthopaedic team performed pre- and post-operatively clinical evaluation. X-rays and MR imaging was performed preoperatively and, depending on groups, at 3, 6, 12 and 24 months after surgery. Clinical evaluation was conducted using the Constant Score ([@ref10]) and pain was recorded with VAS. Subacromial space was measured on standard AP X-rays ([@ref5]) by the same senior radiologist.

Statistical analysis {#sec2-4}
--------------------

Study data were analysed using SPSS program for Macintosh (20.0 version) and the differences of mean results were evaluated with Wilcoxon T test. P values \<0.05 were considered statistically significant.

Results {#sec1-3}
=======

Clinical preoperative values of Total Constant Score (TCS), pain, Range of Movement (ROM), strength in abduction with dynamometer, ADL (Activity of daily living) and VAS showed no significative differences between groups ([Table 1A](#T1){ref-type="table"}).

[Table 1B](#T1){ref-type="table"} shows the mean results for each group of follow-up. We focused on temporary variation of values between preoperative and postoperative outcomes at 3, 6, 12 and 24 months after surgery.

Clinical results {#sec2-5}
----------------

After 3 months we observed a statistically significative improvement of Constant Total Score (from 39.75 to 55.63 points) with positive results in pain, ADL and VAS, without any significative evidence.

Otherwise, we obtained a significative improvement in pain reduction and function at 6 and 12 months. After 6 months the mean TCS significantly improved from 39.89 to 62.33 points (p 0.0002) with a reduction of pain (from 4.44 to 9.44 points, p 0.0153), improvement of ADL (from 1.1. to 3.56 points, p 0.0001); VAS decreased from 6.45 to 3.67 points (p 0.0019).

  **A**                                                                                  
  --------------- ---------- -------- ---------- ---------- -------- -------- ---------- -----------
  p value         TCS        PAIN     ROM        Strenght   ADL      VAS      SAS        
  **3 months**    0,0001     0,0037   0,0002     0,2564     0,0037   0,0005   \<0,0001   
  **6 months**    0,0002     0,0153   0,0001     0,3755     0,0001   0,0019   0,0004     
  **12 months**   \<0,0001   0,0032   \<0,0001   0,0633     0,0074   0,0001   0,0067     
  **24 months**   \<0,0001   0,0072   \<0,0001   0,0943     0,0462   0,0019   0,0007     
  **B**                                                                                  
                  TCS        Pain     ROM        Strenght   ADL      VAS      SAS        SIZE (CM)
  **PRE**         39,75      2,5      33         3,5        0,75     6,13     6,61       
  **PRE**         39,89      4,44     30         4,3        1,1      6,45     6,63       
  **PRE**         41,66      3,75     32,5       3,88       1,75     6,25     6,45       
  **PRE**         41,8       4        32,4       3,8        1,6      6,6      6,67       
  **3 months**    55,63      8,13     40,75      5          3        3,38     7,99       4x7
  **6 months**    62,33      9,44     43,56      5,67       3,56     3,67     8,16       2,5x7
  **12 months**   65,38      10,63    44,75      5,75       3,5      2,86     7,09       3x6,5
  **24 months**   66,8       12       45,6       6,2        3,6      2,8      7,94       \-

TCS: Total Costant Score; ROM: Range of motion; SAS: Subacromial space; VAS: Visual analogue scale for pain;

Size: balloon size measured by MRI; ADL: activity of dayly living

A further increase of values was observed after 12 months, with a mean TCS of 65.38 points (p\< 0.0001), a reduction of pain (from 3.75 to 10.63 points, p 0.0032), an increase of ADL (from 1.75 to 3.5 points, p 0.0074) and the statistical improvement of VAS (from 6.23 to 2.86 points, p 0.0001).

After 24 months we registered another slight increase of results: TCS increased to 66.8 points (p\<0.0001), there was reduction of pain (score from 4 to 12, p 0.00072), increase of ADL (from 1.6 to 3.6, p\<0.046) and VAS (from 6.6 to 2.8, p 0.0019) ([Fig. 1](#F1){ref-type="fig"}).

![TCS: Total Costant Score; ROM: Range of motion; SAS: Subacromial space; VAS: Visual analogue scale for pain; SIZE: balloon size measured by MRI; ADL: activity of dayly living](ACTA-88-75-g001){#F1}

Radiographic results {#sec2-6}
--------------------

The X-rays analysis showed that acromiohumeral interval raised from 6.61 to 7.99 at 3 months (p\<0.0001), from 6.63 to 8.16 at 6 months (p 0.0004), from 6.45 to 7.09 at 12 months (p 0.00067) and from 6.67 to 7.94 at 24 months (p 0.0007).

MRI results {#sec2-7}
-----------

We decided to complete the study with the MR description of spacer. At 3 months the implant was evident in subacromial space with a mean width of 4 cm and a thickness of 7 mm ([Fig. 2](#F2){ref-type="fig"}). The radiologist described effusion joint strata at 6 months, while the spacer appeared significantly reduced in volume at 12 months (width decreased to 3 cm and thickness was reduced to 6.5 mm). At the end of follow-up the implant was not recognizable, replaced by a layer of fibrosis with a mean width of 2 cm and a thickness of 4 mm ([Fig. 3](#F3){ref-type="fig"}).

![MRI at 3 months follow up](ACTA-88-75-g002){#F2}

![MRI at 24 months follow up](ACTA-88-75-g003){#F3}

Functional results {#sec2-8}
------------------

At 3 months we observed positive results in ROM (from 33 to 40,75 points, p 0.0002) and in strength (from 3.5 to 5 points). After 6 months the improvement of ROM was from 30 to 43.56 points, p\< 0.0001 and strength increased from 4.3 to 5.67 points. Moreover a further development of ROM was registered at 12 months (from 32.5 to 44.75 points, p\< 0.0001) with strength from 3.88 to 5.7 points. After 24 months there was a slight increase of ROM (from 32.4 to 45.6 points, p\< 0.0001) and strength (from 3.8 to 6.2)

Discussion {#sec1-4}
==========

Based on our results, spacer improves functional outcomes and pain reduction, with a significant increase of Constant Score values (p\< 0.002 at 6 months) and VAS (p\< 0.015 at 6 months, 2 points at 12 months, p\< 0.038), the good outcomes continuing to be maintained at 24 months.

Our results are in line with Senekovic et al ([@ref9]) that reported an increase of Total Constant Score from 33.4 to 65.4 points on 20 patients treated with InSpace Balloon®, with an evident improvement of power at 18 months (p\< 0.003) and of function at 3 years. Similar outcomes were obtained by Naggar et al ([@ref11]). In a mean follow-up of 24 months good and excellent results were reported in 86% of patients, with pain relief and a recovery often after six weeks. Furthermore he registered an increase of active and painless ROM. The Constant Score almost doubled and the improvement continued up to 18 months after surgery. These authors support the advantages of subacromial spacer described by Szollosy et al in 2014 ([@ref12]).

Analyzing X-ray and MR imaging, all patients presented before surgery an acromiohumeral distance less than 6 mm and grade lesion 3--4 according to Goutallier, while postoperative the space always was \> 7 mm. The same measures were reported on Australian Safety and Efficacy Register of New International Procedures-Surgical in December 2014 end March 2015 ([@ref13]). However, to complete this data we analysed MR imaging in the postoperative period. From 6 to 12 months the spacer was visible but progressively smaller-sized, and contemporary inflammatory stratus absorption was obseved. Furthermore, we observed that the degradation process started over 12 months to be completed at 24 months, like Savarese et al argued in 2012 ([@ref8]). These radiological data can support clinical trends observed in our study and they can complete results described by Senekovic and Naggar ([@ref9]-[@ref11]).

In literature there are other different surgical options proposed to treat IRCT when no-operative solutions have failed.

Neviaser et al were the first that used the graft interposition with good or excellent clinical results ([@ref14]) but other authors criticized this procedure for the lack of pain relief and poor clinical outcomes ([@ref15]).

Rockwood and Kempf studied the outcomes of debridement with or without biceps tenotomy ([@ref16]-[@ref17]); although they found good clinical results, a variety of studies showed no advantages in osteoarthritis progression ([@ref4]).

In 1993 Burkhart et al ([@ref18]) introduced the partial repair of rotator cuff with the concept of "suspension bridge". This option obtained improvements in active elevation (from 59.6° to 150.4°) and in the UCLA Score (from 9.8 to 27.6 points). Afterwards Duralde et al reported significant increase in ASES Index, pain and activation ([@ref19]).

Another technique is the "interval slide" proposed by Tauro and Lo ([@ref20]-[@ref21]). Nevertheless Kim el al found 91% of retear rate and patients who underwent this operation did not showed significative reduction of pain or improve of functional outcomes ([@ref22]).

The arthroscopic superior capsule reconstruction recently described by Mihata ([@ref23]) was preferred to the graft that can develop an interposition to the torn tendon with a consequent impingement.

Unfortunately all these studies were conducted on small cohort of patients without control group.

Further researches are necessaries to provide definitive guidelines in the treatment of IRCT, a challenging condition that reduces life performance of adult with working and recreational demands.

Despite lack of strong evidences about the superiority of one technique, the implantation of a biodegradable spacer (InSpace technology) could be the last and functional solution ([@ref24]-[@ref25]).

Conclusions {#sec1-5}
===========

This study shows that subacromial biodegradable spacer is a minimally invasive procedure with good mid term clinical and instrumental results in irreparable rotator cuff tears. The improvement of Constant Score, VAS and shoulder function allows to assert that InSpace Balloon® can be considered as a valid surgical option in patients with irreparable rotator cuff tears especially in order to postpone more invasive procedures.

**Ethical approval:** All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards.
